Pearl millet is a dual-purpose crop in semi-arid zones of Uganda. However, no studies have been conducted to determine the gene effects for yield and yield-related traits and rust resistance in these environments; yet this knowledge is important in improving grain yield and rust resistance. A North Carolina II mating design was adopted to study the genetic effects for rust resistance and yield-related traits of improved pearl millet genotypes. The experimental design to study the objectives was alpha in two [locations, seasons and replications]. A higher proportion of general combining ability (GCA) effect was observed for grain yield, days to 50% flowering, days to 50% anthesis, flower-anthesis interval, days to 50% physiological maturity, plant height, total tiller number, number of productive tillers, percentage of productive tillers, panicle area, leaf area, 1000-grain weight, biological yield and harvest index. The specific combining ability (SCA) effect was predominant for area under disease progress curve. Eleven hybrids performed better than the best male parent and five crosses performed better than the best female parent for grain yield while all the fifteen selected best crosses performed better than all parents for area under disease progress curve. Ten crosses were more resistant to rust than the best male parent and all the crosses were more resistant to rust than the female parents. The additive gene action was predominant for grain yield, rust severity at 50% physiological maturity, days to 50% flowering, days to 50% anthesis, total tiller number, percentage of productive tillers, panicle area, 1000-grain weight, biological yield, harvest index and leaf area. High better-parent heterosis was also observed for most traits including grain yield and rust resistance. The traits were also characterized by relatively low levels of narrow sense heritability.
Introduction
Pearl millet is a staple crop in the crop-livestock production systems of the drought-prone zones (Sharma & Pareek, 1993) . The crop is grown worldwide mainly for food and forage (Girgi et al., 2006) . It performs well under stressful conditions of drought and acidic soils (FAO, 2004) ; though it also does competitively well in favorable environments (Bhatnagar et al., 1998; Christinck, 2002) . In the stressful environments, farmers grow low yielding landraces characterized by yield stability rather than high grain yield per se; implyimg that minimizing risk to crop failure is a major priority than high grain yield (Kelley et al., 1996; Van Oosterom et al., 1996) . However, stress-adapted varieties with high grain yield have been developed through hybrid breeding (Van Oosterom et al., 1996) but are not available in Uganda; a reason why low yielding rust susceptible genotypes (Lubadde et al., 2014) are perpetually grown. The disease causes high grain and forage loss (Wilson, 2000) ; hence the need to develop and provide improved pearl millet varieties with high grain yield and resistance to rust. However, to develop high yielding varieties, knowledge about genetic factors responsible for the inheritance of important traits is essential. This is achieved through identifying the predominant genetic components (Vengadessan, 2008) and establishing the magnitude of their effects on trait expression. The genetic analysis helps to elucidate the combining ability which leads to identification of the best parent combinations that result in superior performing hybrids (Banziger & Cooper, 2001 ). The combining ability of inbred lines also helps to determine the potential value of the variety development programme (Legesse et al., 2009) . Through combining ability analysis the nature of gene action involved in expression of traits is also established. The additive gene action is related to general combining ability while specific combining ability is associated with non-additive genetic effects (Falconer, 1989) . To assess combining ability an appropriate crossing design should be adopted. Commonly used designs (Hallauer & Miranda, 1988) in pearl millet breeding include; diallel, line x tester, generation mean analysis, triple test cross and North Carolina mating designs. The diallel design has been widely used in pearl millet breeding to assess type of gene action for grain yield (Bhadalia et al., 2012 (Bhadalia et al., , 2014 , 1000-grain weight (Izge et al., 2007) , phytate acid content (Satija & Thukral., 1985; Shanmuganathan et al., 2006) , zinc and iron content Velu et al., 2011) , salt tolerance (Ali et al., 2006; Venkata et al., 2012) and assessing gene action for Napier grass × pearl millet crosses (Pereira et al., 2006) . The line × tester has been adopted to assess the combining ability of inbred parents (Arulselvi et al., 2009 ) in order to establish their potential to develop superior hybrids for grain quality traits (Parmar et al., 2013) . It has also been used to assess gene action and heterosis for micronutrients like zinc and iron content , heterosis for early maturity (Kumhar, 2007) , combining ability for dry fodder yield (Chaudhary et al., 2012) and male sterile lines (Rasal & Patil, 2003) . Generation mean analysis and triple test cross designs have been used to assess nature of gene action for grain sink size (Vengadessan, 2008) and physiological traits in pearl millet while the North Carolina II mating design has been widely used in genetic assessment to identify the best parents for hybrid development and identify superior hybrids for specific traits (Hallauer & Miranda, 1988) . The design has been used to assess gene action for downy mildew (Angarawai et al., 2008) while in this study it was used to assess the nature of gene action predominantly governing the expression of the traits. The objectives were to establish i) the combining ability effects, ii) nature of gene action and iii) levels of heterosis for grain yield, rust resistance and selected yield-related traits.
Materials and Methods

Experimental Materials
Sixteen improved varieties (Table 1) were used as parents and crossed in a North Carolina II design. Six rust resistant male parents were crossed with ten susceptible female parents resulting in 60 F 1 crosses. To avoid undesirable pollination the plant heads were covered at boot stage. To minimise selfing which occurs due to stigmas that may emerge later after the crossing, the lower quarter and upper quarter of the panicle were cut off before threshing. In addition, uprooting off-types was done during evaluation. 
Experimental Sites and Field Layout
The crosses were developed at the National Semi Arid Resources Research Institute (NaSARRI)-Serere in the first rains of 2012 (March-July). , applied in two splits, adopted (Khairwal et al., 2007) . The plants were inoculated with freshly harvested uredospores from earlier planted susceptible genotypes.
Data Collection and Analysis
Data was collected on 36 randomly selected plants per plot using the 'Descriptors of pearl millet' (IBPGR & ICRISAT, 1993) . The traits considered were; rust severity determined using the modified Cobb's disease severity scale (0-100%) (Tooley & Grau, 1984) , panicle length (cm), panicle girth (cm), panicle area (cm 2 ), 1000-grain weight (g), plant height (cm), days to 50% flowering, days to 50% anthesis, flower-anthesis interval calculated (days), days to 50% physiological maturity, total number of tillers, number of productive tillers, biological yield per plant (g), harvest index, leaf length (cm) and leaf breadth (cm) of third leaf from plant top, leaf area (cm 2 ), grain productivity (kg ha -1 ) and area under disease progress curve AUDPC = ∑[(x i+1 + x i )/2] [t i+1 -t i ] (Singh & King, 1991) . The AUDPC was calculated from rust severity data collected for five weeks at five day interval from time first rust disease symptoms were observed. Data analysis was done using the SAS computer software, version 9.2 (SAS Institute Inc., 2012), with analyses of variance for the measured traits determined based on Proc GLM. Using the same model, the components of variance for estimating gene action were determined in SAS with Proc varcomp. The variances for the male (GCA m ) parents, female (GCA f ) parents and crosses (SCA mf ) were used as direct estimates for additive and non-additive gene actions for the parents and crosses, respectively as suggested by Dabholkar (1992) . The variance components were also used to estimate the narrow sense and broad sense heritability for the traits. In the model, the parents, crosses and sites were fixed factors, while the random factors were; seasons, replications, blocks (nested within reps and seasons and sites) and the interactions of parents with seasons and sites. A modification of the Arunachalam (1974) fixed effects model was used to estimate the effects of the test materials across the two seasons and two sites.
The model:
Where, Y ijk = performance of the cross made with ith male line and j th female line in the k th environment; μ = overall mean; gi = effect of i th male line; g j = effect of j th female line; s ij = interaction of the i th male line with the j th female line; e k = effect of the k th environment; (ge) ik = interaction of g i and e k ; (ge) jk = interaction of g j and e k; (se) ijk = the interaction of s ij and e k ; b (rek) = effect of blocks nested in reps, season and location; (g i × g j × s ij × e k )e ijk = four-way interaction of parents, crosses and sites; Є ijk = random error.
The general combining ability (GCA) effects for the male and female parents were determined using parental means inter se while the specific combining ability (SCA) effects were estimated using the means of the progeny (Singh & Chaudhary, 1985; Kurt & Evans, 1998) . The GCA effects of the male and female parents were estimated as the difference between the grand mean and the mean of the parents for the trait. The SCA effects of each cross were calculated as a deviation of the cross mean from the grand mean of all the crosses adjusted for corresponding GCA effects of parents.
Calculation of the combining ability effects:
GCA male = X male -µ; GCA female = X female -µ;
Where, GCA male and GCA female are the general combining of the male and female parents, respec tively; SCA male×female is the specific combining ability for the crosses; X male and X female are the means for male and female parents, respectively; µ is the overall mean; X male , X female and X male×female are respective observed means for the male, female parents and the crosses; E(X male×female ) is the predicted or expected mean value of the cross given by E(X male×female ) = [GCA male + GCA female + µ].
The percentage of heterosis and better parent heterosis were computed using the means of the parents and the crosses as shown in the formulae:
Better-parent heterosis (BP) = [(X male×female -BP) × 100]/BP (4)
Narrow sense heritability was calculated as:
Where, 
Results
Pooled Analysis of Variance
For grain yield, significant (p ≤ 0.05) effects were observed for parents and crosses ( Table 2 ). The site and season x male interactions also had significant effects on grain yield, while site and season × female interactions had no significant (p > 0.05) effect on grain yield. Table 2 further shows a relatively high coefficient of determination (R 2 = 0.64) although the coefficient of variance was relatively high. The site effects were highly significant for rust severity at 50% physiological maturity and AUDPC. Only female × season and female × site interactions were significant for rust severity. The main effects of male parents, site and season × male interactions were also significant. Significant effects were also observed for the three way interaction of male, site and seasons. Highly significant (p ≤ 0.001) to significant (p > 0.05) variations were observed for the male main effects for all the traits except panicle area, percentage of productive tillers, thousand grain weight, total number of tillers and number of productive tillers. For the female main effects all the traits were significant except for 1000-grain weight and harvest index. The interactions between female and male parents were also significant for all the traits except for days to 50% anthesis, panicle area, 1000-grain weight, leaf area and harvest index. Note. LSD testing at α = 0.05; ** = significant with p ≤ 0.001, * = significant with p ≤ 0.05, ns = non-significant.
), AUDPC = Area under disease progress curve, RUST = rust severity at 50% physiological maturity, FLO 50 = days to 50% flowering, ANT 50 = days to 50% anthesis, FAI = flower-anthesis interval (days), PSM 50 = days to 50% physiological maturity, PAR = panicle area (cm 2 ). Note. LSD testing at α = 0.05; ** = significant with p ≤ 0.001, * = significant with p ≤ 0.05, ns = non-significant. PLH = plant height (cm), TOT = total number of tillers, PRT = number of productive tillers, PRO = %productive tillers, 1000 GWT = thousand grain weight (g), BY = biological yield (Kg plant -1 ), HI = %harvest index, LAR = leaf area (cm 2 ).
General Combining Ability Effects for the Parents
The estimates of general combining ability (GCA) effects for the male parents are shown in Table 3 . The male parent ITMV8001 had the highest positive combining ability effects for grain yield. The same male parent had positive general combining ability estimate for days to 50% anthesis, flower-anthesis interval, days to 50% physiological maturity, plant height, total number of tillers and harvest index; but showed negative GCA effects for days to 50% flowering, number of productive tillers, percentage of productive tillers, panicle area, 1000-grain weight, biological yield and leaf area. ITMV8001 also had desirable negative GCA effects for area under disease progress curve (AUDPC) and rust severity at 50% physiological maturity. The male parents with poor GCA effects for most traits were ICMV3771 and Manganara. Okashana2 and SDMV94001 were poor combiners for AUDPC and plant height, days to 50% flowering, days to 50% anthesis, flower-anthesis interval, percentage of productive tillers and leaf area. Shibe was respectively a good combiner for grain yield, panicle area, percentage of productive tillers, plant height, harvest index, number of productive tillers, days to 50% physiological maturity and days to 50% anthesis and the best general combiner for AUDPC. Three male parents (ITMV8001, SDMV94001 and Shibe) were good combiners for grain yield and only ICMV3771 and SDMV94001 combined well for 1000-grain weight. One male parent (SDMV94001) combined well for biological yield and only one parent (ICMV3771) had a positive and relatively high general combining ability effect for leaf area. In addition, most male parents had positive GCA effects for harvest index.
The results for GCA effects for the female parents are shown in Table 4 . All the female parents had desirable positive GCA effects for days to 50% flowering, days to 50% anthesis, number of productive tillers and 1000-grain weight biological yield and majority had desirable negative GCA effects for AUDPC and rust severity at 50% physiological maturity. However, many female parents also expressed undesirable negative GCA effects for grain yield, flower-anthesis interval, days to 50% physiological maturity, plant height, total number of productive tillers, percentage of productive tillers, panicle area, harvest index and leaf area. The highest GCA effect was registered in SDMV96053 for grain yield followed by Sosank for panicle area. Note. GY = grain yield (kg plant -1 ), AUDPC = Area under disease progress curve, RUST = rust severity at 50% physiological maturity, FLO 50 = days to 50% flowering, ANT 50 = days to 50% anthesis, FAI = flower-anthesis interval (days), PSM 50 = days to 50% physiological maturity, PLH = plant height (cm), TOT = total number of tillers, PRT = number of productive tillers, PRO = % productive tillers, PAR=panicle area (cm 2 ), 1000GWT = thousand grain weight (g), BY = biological yield (kg plant -1 ), HI = % harvest index, LAR = leaf area (cm 2 ). Note. GY = grain yield (kg plant -1 ), AUDPC = Area under disease progress curve, RUST = rust severity at 50% physiological maturity, FLO 50 = days to 50% flowering, ANT 50 = days to 50% anthesis, FAI = flower-anthesis interval (days), PSM 50 = days to 50% physiological maturity, PLH = plant height (cm), TOT = total number of tillers, PRT = number of productive tillers, PRO = % productive tillers, PAR=panicle area (cm 2 ), 1000GWT = thousand grain weight (g), BY = biological yield (kg plant -1 ), HI = % harvest index, LAR = leaf area (cm 2 ).
Specific Combining Ability Effects for Fifteen Best Selected Crosses
Results for the specific combining ability (SCA) for grain yield, rust and other selected traits are shown in Table  5 . The selected best fifteen crosses, all had desirable positive SCA effects for grain yield, days to 50% flowering, days to 50% anthesis, flower-anthesis interval, days to 50% physiological maturity, total number of tillers, plant height, number of productive tillers, percentage of productive tillers, panicle area, 1000-grain weight, harvest index and leaf area. The genotype 4 × 14 (ITMV8001 × SDMV96053) showed the highest SCA effect for grain yield while genotypes 1 × 9 (ICMV3771 × GGB8735) and 5 × 16 (SDMV94001 Okollo) exhibited the highest desirable negative SCA effects for AUDPC and rust severity at 50% physiological maturity, respectively. In addition, desirable negative SCA effects were observed for AUDPC and severity at 50% physiological maturity for the other crosses. Note. 1-6 = male parents; 7-16 = female parents; 1 = ICMV3771, 2 = Manganara, 3 = Okashana2, 4 = ITMV8001, 5 = SDMV94001, 6 = Shibe, 7 = Exbornu, 8 = CIVT9206, 9 = GGB8735, 10 = ICMV221, 11 = ICMV221white, 12 = KatPM1, 13 = Okoa, 14 = SDMV96053, 15 = Sosank, 16 = Okollo.
Gene Action and Heritability
The types of gene action, narrow sense heritability and broad sense for grain yield and other selected traits under the influence of rust are presented in Table 6 . Figure 1 shows the percentage contribution of each type of gene action to total genetic variation. For grain yield, additive gene action due to female parents (σ 2 female(A) ) accounted for 32% of the total variation as well as additive gene action due to the male parents (σ 2 male(A) ) (32%), the non-additive gene action (σ 2 female×male(D) ) accounted for 36%. The sum of additive gene action for male and female parents was 64%. For rust severity at 50% physiological maturity the order existed SCA > GCA male > GCA female The graphical presentation in Figure 1 further shows the strength of gene action contribution of GCA and SCA in following order GCA female(A) > GCA male(A) > SCA female×male(D) for days to 50% flowering, days to 50% anthesis, plant height and number of productive tillers. However, non-additive gene action (SCA female×male(D) ) was predominant over the additive gene actions (GCA female(A) and GCA male(A) ) for grain yield, AUDPC, rust severity at 50% physiological maturity, panicle area, harvest index and leaf area. Additive gene action due to female parent was predominant for 1000-grain weight and leaf area while additive gene action due to male parents was predominant for flower-anthesis interval, days to 50% physiological maturity and biological yield. The expression www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 7; 2016 88 of total number of productive tillers was controlled mainly by additive gene action due to the female parent and dominance, with minimal effect of the male parents. Narrow sense heritability was much lower than the broad sense heritability for most traits (Table 6 ). Traits with narrow sense heritability of less than 10% were AUDPC, total number of productive tillers and biological yield while rust severity at 50% physiological maturity, flower-anthesis interval and harvest index had narrow sense heritability of less than 20%. The majority of the traits had narrow sense heritability higher than 20% and these included grain yield, days to 50% flowering, days to 50% anthesis, days to 50% physiological maturity, plant height, number of productive tillers, percentage of productive tillers, panicle area, 1000-grain weight, harvest index and leaf area. Note. GY = grain yield (kg plant -1 ), AUDPC = Area under disease progress curve, RUST = rust severity at 50% physiological maturity, FLO 50 = days to 50% flowering, ANT 50 = days to 50% anthesis, FAI = flower-anthesis interval (days), PSM 50 = days to 50% physiological maturity, PLH = plant height (cm), TOT = total number of tiller, PRT = number of productive tillers, PRO = %productive tillers, PAR = panicle area (cm 2 ), 1000GWT = thousand grain weight (g), BY = biological yield (kg plant -1 ), HI = %harvest index, LAR = leaf area (cm 2 ). 
Better-Parent Heterosis
Trait-specific results for fifteen genotypes showing superior performance relative to the better performing parents are shown in Table 7 . The cross 4 × 14 (ITMV8001 × SDMV96053) exhibited very high better parent heterosis (92.72%) for grain yield relative to other crosses which also had positive better parent heterosis. Crosses 3 × 11(Okashana2 × ICMV221white) and 6 × 10(Shibe × ICMV221) also performed better than their better parents increasing grain yield by more than 22%. The other crosses had levels of better-parent heterosis of less than 20%; with crosses 5 × 8 (SDMV94001 × CIVT9206) and 6 × 7 (Shibe × Exbornu) showing the lowest heterosis of less than 5% for grain yield. Desirable negative better parent heterosis was observed for rust severity at 50% physiological maturity and AUDPC. In addition, relatively high heterosis was registered for rust severity at 50% physiological maturity (48-59%) when compared with AUDPC (10-29%). All the fifteen selected crosses performed much better than their better parents for rust resistance. Generally, crosses involving male parents 4(ITMV8001), 5(SDMV94001) and 6(Shibe) dominated the list of better performers for most traits. In addition, relatively low better parent heterosis (< 7%) was observed for days to 50% flowering, days to 50% anthesis and days to 50% physiological maturity for most of the crosses. The results in Table 7 show that low levels of heterosis were registered for AUDPC while relatively high better-parent heterosis for rust was observed in all the fifteen crosses selected. Results for mid-parent heterosis showed the same pattern. Note. 1-6 = male parents; 7-16 = female parents; 1 = ICMV3771, 2 = Manganara, 3 = Okashana2, 4 = ITMV8001, 5 = SDMV94001, 6 = Shibe, 7 = Exbornu, 8 = CIVT9206, 9 = GGB8735, 10 = ICMV221, 11 = ICMV221white, 12 = KatPM1, 13 = Okoa, 14 = SDMV96053, 15 = Sosank, 16 = Okollo.
Discussion
General Performance of the Parents and Crosses
The pooled analysis of variance results indicated a highly variable environment in which the genotypes were tested. The significantly different effects of genotypes and environment interactions indicated a high level of environmental variation for expression of heterosis. This implies that stability analysis was important in order to identify which environments were suitable for particular crosses. Similar effects of strong environmental influence were also reported by Bidinger et al. (2003) and Sharma and Shrikant (2006) when testing materials for heterosis. More importantly, they indicated why selection for improved grain yield in marginal environments has been primarily based on selection for a higher harvest index rather than increased productivity. However, differences were observed in the per se performance of all the genotypes tested. This variation expresses the effect of heterosis. Similar effects of crosses outperforming the parents have been reported in many studies. Penthani et al. (2004) and Chavan and Nerkar (1994) reported crosses performing better than parents while Yadav et al. (2000) reported the same observation for top cross hybrids. F1 hybrids being more resistant to rust than the parents have also been reported by Lakshmana et al. (2010) . The hybrids performing better than the parents has also been reported for 1000-grain weight, plant height and days to 50% flowering (Ouendeba et al., 1993) . The 1000-grain weight (Kelly et al., 1996; Van Oosterom et al., 1996) , harvest index (Bidinger et al., 2003) and flower-anthesis interval (Miralles et al., 1998; Saini & Westgate, 2000; Bidinger & Raju, 2000a) are some of the most important traits determining grain yield; thus selection for the traits may increase grain yield. In this study all the parents and hybrids had relatively high harvest index (HI > 28%) (Yagya & Bainiwal, 2001; Van Oosterom et al., 2006) and hence this set of materials could be advanced to breed for high harvest index, a trait also largely associated with resistance to drought.
Combining Ability Effects and Gene Action
The analysis of variance showed significant differences in combining ability of the parents and crosses under the influence of rust. Variation was observed for both male and female parents for grain yield, days to 50% flowering, flower-anthesis interval, days to 50% physiological maturity and plant height. The results indicated that the parents used for genetic analysis were diverse; as also reported by Naik et al. (1996) when they studied the combining ability for grain yield and its components. The GCA was higher than SCA for grain yield, rust severity at 50% physiological maturity, plant height, days to 50% flowering, days to 50% anthesis, days to 50% physiological maturity, total number of tillers, percentage of productive tillers, panicle area, leaf area, 1000-grain weight, harvest index, and biological yield. These traits can be improved through simple selection schemes such as pedigree or recurrent selection because it is easy to predict short-term response to selection (Vengadessan, 2008) . The AUDPC had SCA higher than general combining ability, and thus improvement can be achieved through breeding for hybrids. Similar observations were reported for some traits. Bhadalia et al. (2012) reported additive gene action for grain yield, plant height and harvest index while Izge et al. (2007) reported additive gene action for 1000-grain weight. Contrasting results have been reported for panicle dimension (Singh & Sagar, 2001 ) and 1000-grain weight (Gotmare & Govila, 1999; Sheoran et al., 2000; Pethani et al., 2004; Bhadalia et al., 2012) . Pannu et al. (1996) reported predominance of non-additive gene action for 1000-grain weight.
In addition, based on Hallauer and Miranda (1988) classification of heritability, relatively high broad sense heritability estimates were observed for most traits including grain yield. Similar reports were also made by Borkhataria et al. (2005) and Solanki et al. (2002) though Sachan and Singh (2001) indicated the contrary for 1000-grain weight. It implies that the non-additive and environmental effects may be important in the expression of the traits (Vengadessan, 2008) . However, as also reported in this study, Pethani et al. (2004) reported additive gene action for days to 50% flowering, days to 50% anthesis, flower-anthesis interval, days to 50% physiological maturity, plant height and number of productive tillers; though contrary to Bhadalia et al. (2012) findings. Bhadalia et al. (2012) reported preponderance of non-additive gene action for days to 50% flowering and days to 50% physiological maturity. In addition, there was high narrow sense heritability for the traits, as also noted by Bhoite et al. (2008) . This may indicate simple inheritance of the traits as reported by Azhaguvel et al. (2003) . Thus the traits may be improved through schemes like recurrent selection or pedigree selection. Likewise inbred lines with improved levels of the traits may be developed as suggested by Vengadessan (2008) .
Heterosis
Results showed that the magnitude of heterosis was cross-dependent for all the traits considered. Most of the best crosses had better-parent heterosis of 11% to 25%, though few were within the range (20 to 30%) at which a hybrid is considered to be good (Axtell et al., 1999) . The high positive heterosis for grain yield in cross ITMV8001 × SDMV96053 may be due to the high positive heterosis expressed for days to 50% flowering, total number of tillers, number of productive tillers and leaf area. Yadav et al. (2000) first reported high heterosis of 88% though in later studies Yadav (2006) reported lower levels of 42% while Davda et al. (2012) reported 41% standard heterosis and presence of heterobeltiosis. In addition, Karthigeyan (1994) reported 49% heterosis for grain yield, while Ouendeba et al. (1993) reported 36-81% for better-parent heterosis. On the contrary, Bidinger et al. (2003) reported negative heterosis for grain yield. Heterosis was exploited by Wilson et al. (2001) to produce hybrids with increased levels of resistance to pearl millet rust. Results in the current study showed high levels of heterosis for rust at 50% physiological maturity (-48% to -59%); reflecting the importance of non-additive gene action also as suggested by Pannu et al. (1996) . However, lower levels were recorded for better-parent heterosis (-10% to -29%) for AUDPC. Lower AUDPC has also been reported in other studies (Lal Ahamed et al., 2004.) ; indicating that selecting for AUDPC may not be reliable for increasing resistance to rust relative to selecting for rust severity at 50% physiological maturity. Relatively high better-parent heterosis were achieved for panicle area, total number of tillers as also reported by Pethani et al. (2004) , percentage of productive tillers, number of productive tillers as reported by Karthigeyan (1994) , biological yield, harvest index as also reported by Bidinger et al. (2003) . A high harvest index in hybrid seed parents is desirable because it is a measure of grain filling and fodder production strength of the seed parent (Bidinger et al., 2003) .
Conclusion
The significantly important interactions of the genotypes with the environment showed the relevance to characterise the test materials across environments. The male parents ITMV8001, SDMV94001 and Shibe and female parents SDMV96053, Sosank, CIVT9206 and GGB8735 had high and positive GCA effects for grain yield. These parents could be used in breeding schemes like recurrent selection that target population improvement. The male parents Manganara and Okashana2 and female parents Exbornu, ICMV221 and ICMV221white were the best general combiners for rust and could be used to breed for rust resistance. The hybrids ITMV8001 × SDMV96053, Okashana2 × ICMV221white, Shibe × ICMV221, Okashana2 × KatPM1 and SDMV94001 × KatPM1 were the best genotypes for grain yield while ICMV3771 × GGB8735, SDMV94001 × Okoa, Shibe × Okollo, SDMV94001 × ICMV221white and Shibe × CIVT9206 were the best specific combiners for rust resistance. The preponderance of additive gene action for days to 50% flowering, days to 50% anthesis, flower-anthesis interval, days to 50% physiological maturity, number of productive tillers and plant height means these traits could be improved through schemes like recurrent selection. Traits including grain yield, 1000-grain weight, panicle area and leaf area had preponderance to both additive and non-additive gene action and could thus be improved through schemes like recurrent selection and hybrid breeding. In contrast, traits like rust severity at 50% physiological maturity, AUDPC, biological yield, total number of tillers and percentage of productive tillers had preponderance to non-additive gene action, relatively low narrow sense heritability and low genetic coefficient of variation. Thus these traits could be improved through hybrid breeding. Hybrids ITMV8001 × SDMV96053, ITMV8001 × SDMV96053, Okashana2 × ICMV221white, Shibe × ICMV221, Okashana2 × KatPM1 and SDMV94001 × KatPM1 that expressed high better-parent for grain yield could be promoted for high grain yield. Hybrids Shibe × GGB8735, SDMV94001 × GGB8735, ICMV3771 × Okollo, ITMV8001 × GGB8735, Manganara × GGB8735, Okashana2 × GGB8735, ITMV8001 × Okollo, ITMV8001 × CIVT9206, ICMV3771 × CIVT9206, Shibe × CIVT9206 and SDMV94001 × Okollo could be developed as rust resistant hybrids.
